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A computer program has been written in order to compile data for special
squeeze film gas bearings. In particular, three problems are solved,

(1) the spherical squeeze film gas bearing with large axial and large

radial displacements and finite axial excursion, (2) the cylindrical squeeze
film gas bearing of finite L/D with no restriction on radial displacement

or angular misalignment, and (3) the conical squeeze film gas bearing with
no restriction on radial displacement or angular misalignment. Some new
design data is presented for the bearings mentioned above and comparisons

are made with previously published results.
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INTRODUCTION

Until very recently the compressible squeeze~film and squeeze-film bearing

has received little attention. The works of Salbu (Ref. 1)* and ilalanoski-~Pan
(Ref. 2) constituted first official record in literature on this subject and
were concerned with the flat thrust squeeze-film bearing. Within the

past year the pace has quickened and many advances have been made on the squeeze
film bearing theory. Of particular interest are Ref. 3, a feasibility study on
applying the squeeze film technique and technology to a gimbal axis gyro
bearing, Ref. 4, the formulation of an asymptotic analysis for gaseous squeeze
film bearings in general and in particular its application to the conical
squeeze film bearing, Ref. 5, theory and experiments applicable to the cylindri-
cal squeeze film bearing, and Ref. 6, the basic theory of a spherical squeeze

film hybrid bearing.

The present report describes a computer program capable of calculating the
performance of the spherical, cylindrical and conical bearings under rather

general conditions. The data of Ref. 6 is extended by solving the large radial

displacement problem without rotation. The data of Ref. 5 is extended by solving

the finite L/D problem for both small and large radial and angular displacements,

The data of Ref. 4 is extended to obtain results, also for large radial and

angular displacements without rotation.

In the past the numerical solution of large displacement problems usually en-
countered trouble in obtaining accurate results. However, an advancement in ob-
taining numerical solutions to finite difference equations has been developed
(Ref. 7) and has been incorporated in the present computer program. Because

of this recently developed technique accurate design data can be generated re-
latively fast. A summary of the numerical technique used herein is given in

Appendix I of this report.

See similarly numbered References in Reference Section.



ANALYSIS

This particular section is sub-divided into three parts. Each part is devoted

to a particular type of squeeze film bearing. For each problem the asymptotic

formulation ( o + ») is used (Ref. 4).

Spherical Squeeze Film Bearing without Rotation

The asymptotic normalized lubrication equation for this problem (see Fig. 1)
is (Refs. 4, 6):

oH 7
9_ a_ 2y _ 2 —9
sind Y {51n¢ (HOW ) 3¥_“sind 30 }
) d 2 2 3H !
+‘5‘e'{3€(1'10‘1’)—3‘¥ aeJ=0,... . . . (1)
where ¥ = PH,
H= Ho+z6cos® cosT, S ¢
Ho = 1+ n, cosd + nRsinQ cos(6-a):
The boundary conditions for this problem, corresponding to Eq. (1) are:
Y 2 (9,0) = ¥ 2 (0,642m)
oy _2 oy 2
= e e e e e e e e e e e e e e e (3)
9% s, 98 s, o42r
2 - 2 3 2. .2 . e
and ¥_ (¢i,e) Ho (¢i,e) + 5 £°cos @i ; i=1,2,

where Qi designates the coordinate of either edge.

According to the numerical technique described in Appendix I, Eq. (1) must be

expanded to the general form of,

2

2
f(ée)—f—+f(cbe)—e~z—+f(¢e)”‘” + £ (2,0) S Sl +£ (3,0087

= £ (2,8) . . . . .. (4)
6



H
£ (0,0) = sin2¢ —2
1 2
Ho
f2 (9,8) = -
oH
f (9,8) = i-s:'Ln<I> cosd H - L sin2p —2 =1 sin® (cos®™n ) = £ (@) 5
3 ’ 2 (o] 2 3¢ 2 Z 3 °
oH
fL+ (¢,8) = -%'562 = -% nR sin® sin(6-a)
oH , 82H° azuo )
f5 (9,8) = -sind cos@-sa— ~ sin“% 3327 " 36 = 2sin @[2f2(¢,e) - 1]

0.

and f6 (9,8)

Thus, the solution of Eq. (1) with boundary conditions, (Eq. 3), is found numeri-
cally,; i.e. the distribution, sz (¢,6) is obtained by solving Eqs. (4) and (5)
with boundary conditions, Eq. (3),by applying numerical technique summarized in

Appendix I,

Static Performance Parameters of Spherical Bearing

Upon obtaining the distribution of sz the following steady state parameters are

calculated by Simpson's quadrature formula.

Mean Axial Force,

Fz 1 &y ¢ ¥ sin2¢ 1
£ = —== = dod® + % [cos2® -cos2¢ ], . . (6)
z paﬂR " J I Ho -£“cos“® 2 2 1

FR 2 oy L sin?® cos(6-a)
f o= —=5 == dede . Y & ) |
R P TR T J J YH %-c“cos?®
s o o



CYLINDRICAL SQUEEZE FILM BEARING WITHOUT ROTATION

The asymptotic normalized lubrication equation for this problem (see Fig. 2)

is (Refs. 4,5):

H H
= [;9-%5 y 2 -y 2 ;59} + V%)z %E'[fg'%f y 2 -y 2 %E Ho] = 0....(8
where
¥ = PH,
H = Ho + ¢(z) cost, e(g) = € [1+az?]
and Ho = 1+ "R cos(B—SR) + &n; cos(6—9r). R IR

The boundary conditions for this problem, corresponding to Eq. (8) are:

v 2 (g,8) = v 2 (g,642m)
2 2
s - = P ¢ 1)
12,0 7,042
and
2 - 2 3 2 2 .
Yo (2.9 B “(2;,0) + 3¢ % [14a]® , 1=1,2
where
= |+] 1.
11) (—)
2

According to the numerical technique described in Appendix I, Eq. (8) must be

expanded to the general form of:

£ (z,8) 333§3 vt e XS s ey Al (e L=t
1 Q; ae 2 E’ -—B-Z?— 3 C, 86 ‘4 3 ag
+ f5 (2,0)¥.°2 = f6 (z,8) « . .« . . (1)
Thus, Ho
f1 (z,8) = 7
H
. (Do
1 %ty 1
f3 (z,8) = - 238 = E'{nR sin(e-eR) +Cn; sin(@—er)}



£(6,0) = -3 (f ) ;gg -1 (2%, cos(e-a) = £ (®)
(azuo p 2 8%
fs(c,e)=-i—597+(f) —agz/ 2f (z,8) -1
=0 ... .. . . (12)

and f6 (z,90)

Thus, as in the previous problem, the distribution of sz (z,8) is obtained
by solving Eqs. (11) and (12) with boundary conditions, Egqs. (10), by applying

the numerical technique summarized in Appendix I.

Static Performance Parameters for Cylindrical Bearing

Upon obtaining the distribution of sz the following steady state parameters

are calculated by Simpson's quadrature formula.

Mean Radial and Tangential Forces

e e e s s s e s e s (13)

\ [F b -CcoOSs
fr \Fp > 1 Iz [+1 Yo {sinBB}dgdB

fT P, P LD & -1 @zfr:fngET

)

where 8 = 6 - OR.

Mean Radial and Tangential Moments

w0

)

1 v ¢ ~cos(8+0)
f+ » °lsin(gt0) ldnd8 . am

1 VHOZ - £2(z)
where 0 = 0_-0

Perturbation Analysis for the Cylindrical Squeeze Film Bearing

In addition to solving the cylindrical squeeze film bearing problem by the
numerical procedure described above a perturbation technique is also used to

solve Eqs. (8), (9) and (10) and is reported below.



Consider that one may express sz (z,6) by the equation

¥ 2 (z,0) = Q, + Ng Qp(&) cos(8-8.) + n.Q.(2) cos(6-6.), N ¢ )
where

Ng» Np << 1.

Substituting Eq. (15) into Eq. (8), one obtains the following three equations:

23

(%)aga%a;%%“} e e e e s as
- o . 32q.(2)
Q-3 Q@+ (L) 57— = 0 e it . aD
and 2
1 p 21 %® p.2°% _
CQO_EQP(;)-*.(—I—‘) E—a—gz——(—L‘) 3; = 0 s e o e o o (18)

The first two boundary conditions of Eq. (10) are already implied by Eq. (15),
while the third boundary condition of Eq. (10) is simplified by the perturbation

technique to

2 - 3.2 2 - -
¥ (gi,e) 1+ 2 €6 [14+al- + ZnR cos(6 OR) + 2;nr cos (6 er). ... Q9

Comparing Eq. (15) with Eq. (19) while looking for a solution to Eqs. (16),
(17) and (18) one obtains the following:

Q0=1+%s°2[1+a]2 T 10
32Q
D .2 R _
(.f ) acZ ~ QR -7 2Qo |
SR ¢ B
Thus, cosh%c >
% = 2 * 20-0) 7~
coshﬁ
2 32Q
(D) 5= -5 )
Thus, LK S ¢.7))
sinhs?;/

QF = ZQOE -2 (QO-l)

51nh5



Perturbed Static Performance Parameters of Cylindrical Bearing

Because of symmetry the sinB components of force and moment are exactly zero.

Upon substituting the results for Qo’ QR and QF from Eqs. (20), (21) and (22)
into Eq. (15) and then substituting Eq. (15) into Eqs. (13) and (14) one dbtains

the results for the tramslatory and angular stiffnesses. Thus,

3.2 2
F 1 2 2 ¢ 2(1+4a)

£ =-—-—R——=l\/1+_3_€2(l+a)z e<(z) +—20©
2 2 o +

R Tigp,LD (12172 1+ 3 ¢ 2(14a)?
L
cosh ( = %) _
—2 [1-¢2(2)] 1/2 dg , .(23)
cosh D

and

3 _2 2
= g 4(1+4a)
M T 3, 2 (1 _g2e2(n) 2 %o
m =—-—-—2—=--\/1+—E (1+a) +
g Npp kD 4 2o [-2(1%2 1+ 3 e 2042

L
sinh ( = )
> } @ (1-e2@ 172 har (24)
sinh D J

Conical Squeeze Film Bearing Without Rotation

The asymptotic normalized lubrication equation for this problem (see Fig. 3) is
(Ref. 4):

[ H 3H |\’ H 3H 1
an 3 |, o 3?2 _ 2% L3 | 0d¥%2 42 0|,
sl o5z 157 Tar " Y gl Yee|Z Tee T Y= we j =0 ... (29

where, Y = PH

H=H°+EC(C)sinI‘cosr (26)
= o+ - — -r‘— -
Ho 1 n, sinl' + R cosT cos(8 GR) + np z, cos(8 er)
and
= _, 31
EC(C) ecl[l+a(cc1)] (27)

In Eq. (27), n can be either 1/2, 1 or 2 depending upon the shape of the excursion
desired. The values of n previously given correspond respectively to a drooping,

linear, or bulging shape.



The boundary conditions

¥ 2 (z,0)

Vo2
26

z,0

and

¥o? (Z4,0)

for this problem, corresponding to Eq. (25) are:

¥ 2 (g,6+2m),

Werl
36 s . (28)
7,042
2 3.2 .2 .
Ho (ci,e) + ) EC (Ci) sin“rl, i 1,2 .

Following the same procedure as in the previous two cases (spherical and cylin-

drical bearings), Eq.

32y 2
f1 (2,8) g3+ f2

The coefficients £

f1 (¢,8) =
f (¢,8) =
2

£ (,8) =
3

£f (z,0)
4

£ (z,0)
5

f (z,8)
6

The distribution

to boundary conditioms, Egs.

in Appendix I.

(25) is expanded to the form of,

a y awm Y2
4 C
+ fs(c,e)vmz = £ (z,8) . . (29)
n (z,0) are:
H
2
2 H
g2 sinZF-Eg
oH
1 _o _1 & cin(o-
~ 338 [n cosT sin (6-9 ) + g Cé sin(O er)] (30)
) Ho 1 BH ) z
gsin<T [E—-— CZ BC ] = zsin“T [f (z,0) - 2 o z;-cos(e-er)]
3H_ , aZHO azho
- 2 - _ 2 _ = _ .
£sin“T 3L Z¢sin P'—gzz Y 2f1 (z,0) (l+nzslnr)
L 2
np , sin“T cos(6-6 )
0.
of ¥,2 (£,0) is obtained by solving Eqs. (29) and (30) subject

(28) by applying the numerical technique summarized

Static Performance Parameters of Conical Bearing

Upon obtaining the distribution of ¥,2 the following steaay state parameters

are calculated by applying Simpson's quadrature formula.



Mean Radial and Tangential Forces due to Radial Displacement

( \ <FR> { R
<fR i\ . FT' _ sin2r , [ 2T Z, . L
/- A - - . =
ka){ P, A_R cosrl "(cosI‘ Ll_(%L) i . ‘. /HOZ_EY(;)sinZI'

(—cos (S-GR)L
! dgde . . . . . . (31)

\ . _ )
\\ sin (9 GR)J
Center of Pressure Associated with nR
( K-_z 4 1 ¥ ( )
.2 1r - | _
[ TR [ JZ g2 j-eos(8 GR)B dzde. .(32)
Rl _ cost'1-|p " [ ] )y Y/ Z=eP(@sin’T || sin(e-0p))
S A )
T f
JR R{)
f i
T,

Mean Radial and Tangential Forces due to Angular Displacement

g ( R} \y ‘
R !\GT sin?l Zm C2 ,/ Yo -cos(6-6_)
= = YRS z ! e pe—y r“Vdzde (33)
gx P, Ap [1-(R112, Vi 2-¢2(2)sin?r| | sin(6-6.)
I IR -} 70 ;1 o T
Center of Pressure Associated with nr
cin2T | 2 (g, 5 | ¥ —cos(e-er)
' TR 2] ‘ sin(e-0 ) 440
4 [l—(—l" ] 4 VYH %-€4(g)sinT | | Iy
R L R! 1 Vo 1 o 8
= ; — (34)
‘g Bn i
L Tir R

lgTj
The location of the center of pressures can be described by its axial distance

(measured away from the apex) from the mid-point divided by the height of the

cone. This can be expressed as:



-10~

R
] 1+ =L
R SR
GP = 1Cx cosT - > cotT 7 > e e e e e e e e e e e e e e (35)
- A
where ;x corresponds to .
) R,T
R £
In eqs. (31) and (33) A = [I—EL)}chotI‘ (36)
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RESULTS

The results of the perturbation analysis for the cylindrical squeeze film
bearing are given by the eqs, (23) and (24). These eqs. have been integrated
numerically using Simpson's quadrature formula. The results have been plotted

in Figs. 4 through 8.

The discussion which follows refers, at all times, to the normalized variables.
In Figs. 4 through 7 it is apparent that the translatory stiffness (radial
force) and the angular stiffness (radial moment) increase monotonically with in-
creasing excursion ratio. Also, the more uniform the excursion is (a - 0) the
higher the radial force and moment. One can also conclude that the smaller the
slenderness ratio, the more effect the excursion non-uniformity has on the
bearing performance, especially at small excursion ratio. For example, consider that
for L/D = 0.5, the radial force is reduced by a factor of 4 when 'a' is changed
from 0 to -0.8. However, for L/D = 10.0 the radial force is reduced by only
a factor of 2 when 'a' is changed from 0 to -0.8, at €, = 0.1. The moment for
1o

L/D = 0.5 is reduced by a factor of 7 when 'a' is changed from 0 to -0.8. With
L/D

I

10.0 the moment is reduced by a factor 4 when 'a' is changed from 0 to -0.8,
at e = 0.1. When a = -0.8 (large degree of non-uniformity) there is only
a slight change in the normalized variables when L/D is varied from 0.5 to 10.0

for all excursion ratios.

In Fig. 8 the effect of L/D is shown on the normalized radial force at various
mid-plane excursion ratios when the radial excursion is perfectly uniform

(a >~ 0). Notice that L/D has little effect at large excursion ratios, e .8.
However, the normalized radial force is lower by a factor of approximately

2.5 as L/D is increased from 0.5 to « at Eo = .1.

For a quick estimate of performance one can use the following formulae for
determining the translatory and angular stiffnesses of a cylindrical squeeze

bearing: (eom 0.4)
p_LD
KR = 0.3 C , (1b/in)
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paL3D
KT = 0.02 —F¢— (in.1b/rad)
Table I, II and III contain results for the Squeeze Film Bearing obtained

with the aid of the computer.

Table I contains the only extensive results for the large radial displacement
problem. These results are for the spherical bearing described in Ref. 6.

The geometry is set with ¢1= 41.5° and §2= 68.0°. The axial eccentricity ratio
is zero and the axial uniform excursion ratio is set at 0.5. A computer program
check is made by comparing the finite difference results at small n_, with the

R
perturbation analysis results of Ref. 6, (given as a footnote on Table I).

The interesting points brought out by the tabulated data of Table I are.

a) There is a stiffening effect in both the axial as well as the radial
direction as n, is increased.

R
b) As n_ is increased by a factor of six from 0.1 to 0.6 the axial load

R
capacity is increased by a factor of 1.5, the radial load capacity is
increased by a factor of 9, and the radial stiffness is increased by

a factor of ~ 3.5.

Table II and Table III are given essentially to show, as a computer program
check, the comparison of the finite difference results with the perturbation
analysis results for the cylindrical and conical bearing with either small

angular or small radial displacement.

Notice that all comparisons made in Tables I, II, and III, are extremely
good comparisons and checks between finite difference results and perturbation

technique results.
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DISCUSSIONS AND CONCLUSIONS

A computer program has been written and '‘debugged” and now provides a useful
tool for generating design data for the non-rotating spherical, cylindrical and
conical squeeze film bearings. Large radial, axial and angular displacement data
can be obtained. A complete discussion of the program and numerical technique

is given in the Appendices.

Some results are provided for a spherical bearing of a particular geometry to
show the effect of radial displacement on the bearing performance. All three
parameters, axial load, radial load and radial stiffness increase with increasing

radial displacement.

Excellent comparisons and computer program checks are given between the finite
difference results and the results from the perturbation analyses for all three

bearing configurations.

A perturbation analysis (small radial displacement) for the cylindrical squeeze

film bearing is given. Design data is provided in chart form in Figs. 4 through 8.
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NOMENCLATURE

Symbol

AR

a

o

=F

n,n=1,2,3..,

Q Hh +H =H g O 0o

P S = - - =

L o v B
R '

o)
w5 o

w O
-1

=
4

H

Meaning

Radially projected bearing area (see Eq. 36), in2

Degree of axial non-uniformity of excursion (a=0 is a perfectly

uniform excursion).
Excursion, in.
Mean bearing gap, in.
Symbolization for center of pressure.
Journal bearing diameter, in.
Force, or load capacity (Temporal average), 1lb.
Normalized Force.

Coefficients of partial differential equationms.

Force, or load capacity due to angular displacement (Temporal

average), 1b.

Normalized bearing gap, h/C.

Temporal average of H over one period of squeeze motion.

Local bearing gap, in.

Stiffness, Temporal average (1b/in or in.lb/rad).
Journal bearing length, in.

Height of frustum of cone, in.

Moment, Temporal average (in. 1b).

Normalized moment.

Normalized pressure, p/pa.

Gas Film pressure, psia.

Ambient pressure, psia.

sz for the reference concentric position.
Perturbation of sz due to nge
r

Radius of sphere or larger base of cone frustum,

Perturbation of sz due to n

Radius of smaller base of cone frustum, in.
Conical radial coordinate, in.
Time,6 sec.

Axial dimension, in.

in.



B G—OR .

T Half cone angle.

GP = C.P« Normalized axial location of center of pressure, measured
from mid-point away from the cone apex (See eq. 35).

e = e/c Normalized excursion, or excursion ratio .

€ Cylindrical bearing axial mid-plane excursion ratio .

ec Conical bearing axial excursion ratio.

4 Conical bearing, r/R; Cylindrical bearing, z/(L/2).

n Normalized eccentricity, or eccentricity ratio.

2] eﬁwr.

) Angular coordinate in describing conical, cylindrical, or
spherical (meridian) bearing .

T te .

$ Azimuthal angle of spherical bearing.

¥ PH.

Q Squeeze frequency.

Subscripts - Superscripts

1,2 refers to ambient pressure ends of bearing.

® refers to asymptotic approximation, i.e. Q very large .

R refers to radial direction .

z refers to axial direction.

T refers to tangential forces.

T refers to angular motions.

Bar( — )

refers to normalized variable.
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APPENDIX I

NUMERICAL INTEGRATION SCHEME

Given D.E.,

32¢ 32¢ 30 30
f ~—7+f —+f —+f —+fd =°f e e e e e e e
1 9% 2 9y 3 9X y 9y 5 6

Grid is represented by the sketch below:

| 3

N

e l\}

RNV S O Yoy
J
al

-
y
t

x

Each column (j) of equations can be written in the form

(a0 0+ [B1 o, ) +(cle,, = F. o e e e e

J h|

Discussion on elements of A, B, C, F (Central difference approximation)

1. If i,j is a regular field point

= f N S
§,i,i-1 i3 ax 31 24x
. (=2) 2
Ay i,i T Ty T T fayy g7t fsyy

1 1
Ay i,a0 T By a7 Y B34y g

all other Aj ip = 0 for any "r" different from i, i-1, i+1.

-18-

(A.1)

(A.2)



= f l - f _.l_
3isi 24 ay” T M5 2y
§.i,0 - O forr % i
3 2
1 1
Y10 T Ty myT Y Py Ty
S,4,r = 0 forr + i
b ?
F,. = fe.. = F,
ji 613 Fs

2. If i,j is a point where Qij is specified, (boundary point),

4,0 © 1

Aj ir = 0 for r + i

. = C, . z0for all r
Jjri,r J.i,r 0

F, . _

J,1 - Qij

This specification applies to the axial extremes of the cylindrical and conical
squeeze films, and the azimuthal angular extremes of the spherical squeeze
film.

3. If i,j is on a line of symmetry
a) Left line of symmetry (j=1)
B=z0O

= f 2
3,154 213 8y”

All other elements as in (1) above.



b) Right line of symmetry (j=N)

2
P11 T feay 7
c=z= O

All other elements as in (1) above.

This specification applies to the spherical squeeze film at y = O,n. (Meridianal

angular speed of rotation is zero).

4, 1If i,j is on a butt joint.

at i =1

1 1
Aj,i,M B :111 sz - f311 2Ax
Aj,i,i-l does not appear.

All other elements as in (1) above.

At i =M

1 1
I Fivm 22 + F3mm Tax
Aj,i,i+1 does not appear.

All other elements as in (1) above.

For this specification the last points in the x direction are then Qi—M 1,
==L,

This specification applies to both the cylindrical and conical squeeze film

in the circumferential direction.
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Solution of Equations

There exist relations such as

%oy = (o510 +Ey

Substituting this Eq. into (A.2),

[Aj] ¢j + [Bj] [Dj] ¢j + [Bj] Ej + [Cj] ¢j+1

Let,
_ -1
(k1 = (183 + (851 10,1 ] 7"
Then,
¢j = —[Kj] [cj] °j+1 + [Kj] {Fj - [Bj] Fa}

Comparing (A.4) with (A.3),

[Dj+1] = —[Kj] [Cj] ...........
and

By = KO - BIED L
On j = 1, B is always zero and Eq. (A.2) is

(A1 &) + [C1] @, = F;.
Putting (A.6) in the form of (A.3)

o1 = -[A117Y €] 0 + (417 IRy

Comparing (A.7) with (A.3)

(D,] = -[A11"" [C1]

ooooooooooo

and

E, = [AI]_l F1.

ooooo

-------------

------------
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Procedure for Calculation

a) Set [Dl] = ml = ., =0

b) Use Eqs. (A.3) and (A.5)
for j =1 > N,

+1]’ IEj+1'

c) Use Eq. (A.3) to calculate @i ‘s
E]
for j=N+1-2,

and save [Dj

Save Qj—l'

This procedure has been programmed, and is called SUBROUTINE RINO1.
Appendix II for listing).

(See
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APPENDIX II

COMPUTER PROGRAM DISCUSSION AND LISTING

The computer program is comprised of an executive program and five subroutines.

The executive program performs some preliminary calculations. However, its
primary functions are to read input and punch output besides calling on the

subroutines to perform the bulk of the computation.

The five subroutines are titled RINO1, MATINV, STORE, TOTAL, and SUM.
RINO1l performs the numerical integration as described in Appendix I.
MATINV is called upon by RINOl to invert the necessary matrices.

STORE is called upon by the executive program to define and store in COMMON
storage the coefficients ”fn”.

SUM is the Simpson's rule integration scheme.

TOTAL is used in conjuction with SUM to perform a two-dimensional integration
by Simpson's rule.

INPUT

The input consists of only three cards, namely: a title card, control card and
bearing specification card. These three cards are defined as follows:

1. TITLE CARD

Anything may be punched in columns 2-72.

2. CONTROL CARD Format (16I5)

ITEM # (6 items)

1. NBRG, Control number specifying bearing to be calculated.
1 - SPHERICAL
2 - CYLINDRICAL
3 - CONICAL

2. MDIAG, Control number used for "debugging' program.
0 - No diagnostic output - used for production runs

1 - Diagnostic output - used for ''debugging’ runs
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M, Total number of grid points in 'x' direction. Maximum = 25
N, Total number of grid points in 'y' direction. Maximum = 19

Suggested values to be assigned 'M' and 'N':

BEARING NBRG M N

SPHERICAL 1 =9 6 =19
CYLINDRICAL 2 6 = 25 z =19
CONICAL 3 6 = 25 £ =9

ITEM # (Continuation of card 2)

5. LC, Control number specifying last case to be rumn.
0
1

Program control returns for 3 new input cards.

Last case.

6. ISIG, Specifies shape of excursion desired in conical bearing calculation.
Not used in spherical or cylindrical bearing calculatioms.
1 - Drooping
2 - Linear

3 - Bulging

SPECIFICATION CARD Format (8E10.3)

This card is different for each type of bearing.
SPHERICAL BEARING (5 items)
ITEM #
1. ETAZ; n,s Axial eccentricity ratio

ETAR; np»
PHI1, ¢

2. Radial eccentricity ratio

3. 1 Polar angle in degrees (¢1> 0)
4, PHIZ2; @2, Equatorial angle in degrees
5.

EPS; €, Axial excursion ratio
CYLINDRICAL BEARING (6 items)

ITEM #

1. ETAR, Radial eccentricity ratio

Ny

R

2. ETAD, n_, Angular misalignment ratio
T

3. ELD, L/D, Slenderness ratio
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4. THET; ©, Reference angle in degrees between radial displacement plane
and angular misalignment plane
5. A; a, Degree of axial non-uniformity of excursion

€. EPSO; €, Radial excursion ratio at bearing axial center plane

CONICAL BEARING (8 items)
ITEM #

1. ETAZ; n,» Axial eccentricity ratio

2. ETAR; "r> Radial eccentricity ratio

3. ETAT; Nps Angular misalignment ratio

4. RR, Rl/R, Inner to outer radius ratio

5. TAU; T, One-half apex angle of cone

6. EPS1; ec , Radial excursion ratio at [ = [

7. A; a,1 Degree of axial non-uniformity of excursion

8. THET, ©, Reference angle in degrees between radial displacement

plane and angular misalignment plane.

OUTPUT

The output is self explanatory. It consists of a print-out of the input and
also the calculated results which are the staticperformance parameters explained

in the analysis section. See pages 39-41 for typical output sheets.



ANALYSIS OF SQUEEZE FILM BRGS USING RINOS METHOD =26-

ANALYSIS—- SeBe MALANOSKI 10718765
NBRG=1 »SPHERICAL BEARING

O N NN

=2 sCYLINDRICAL BEARING
=3 +CONICAL BEARING

DIMENSION Q (20+25)sSUM1(20+25)sFZ211(25)4F22(25 )
COMMON QsNsMsDELTISDELTJ

[

DIMENSION AF1(20+25)sAF2(20+25) 9AF3(2C925)19AF4(20+25)9AF5(209251
1AF6(204+25)

5

COMMON ToeJsT119T12sT13eT14sT159AF1sAF20AF3sAF44AFS
DIMENSION NP (20425)9CSJ(25)s51J(25)+SIP2(25)s5UM2{20925)sS5UM3(2092

15)eSUML{20925)s5SUMS(20925)5s5UMb(20925) sSUMT(20925) aSUMB( 202250 9EZ(
125)

1

W

CDELTJ= 341415927/72

COMMON NP sCSJUsSTJeSIP29SUM2 s SUM23SUMA s SUMS 9 G UME s SUMT » SUMBLEZ
_READ_120 o

READ 101 sNBRGsMDIAGIsMoaNoLCsISIG
DO 2 I=1sM
DO 2 J=1sN
AF6(JsT)=0eD
Q(JdslN=lev
NP(JsI)=0
PRINT 109
PRINT 173
PRINT 171 sNBRGosDIAGs™sNsL 151G
T1=M=1

T2=N-1

GO TO (3+17+33) sN3RG
SPHERICAL BTARING
READ 172+ETAZsETARSPHI1SPHIZ2HZEPS
PRINT 174 T
CPRINT 1025ETAZsETARSPHI1SPHI2,HEPS
PH1=PHI1%#0e01745329 7T
PH2=PHI2%0eJ174532%
DELTI=(PH2-PH1)/T1

ANG=Cel
EPSQ= EPS*EPS
EPS2= 1.5%EPSQ@
DO 4 J=1,N o
CSJUJY=Cc05 (ANG)Y
S1J(JI=SIN (ANG)

4 ANG=ANG+DELTJ

ANG= PH1
DO 12 I=1sM
C5=C0S (ANG)

SI=SIN (ANG)
T3= ETAZ#(CS+1.0

T4=ETAR*S]
T5= SI%*51

T7= 0e5%SI
T6= (CS+ETAZ)*T7

T7= TT*ETAR
T8= 240%T5

SI2P=CS#*S1
SIP2(1)=T5

6

EPCS=EPSQ*CS*CS
DO 10 J=1sN

S T9=CSJ(J)

T10=SI1J (J)

T16=(TO*T4+T3)
T12=0+5%T16




T11=T5%712
T13=T6
T16=T16%T16
T14=T7%T12
T15=(2.0%T12-1.0)*%78
IF(MDIAG) 748467
PRINT 1759T115T12+T1325T149715,716
IF(I=1)11C0911Cs09
9 TF(I-M)111511C5111 S .
110 Q(Jsl)= 145%TPCS+T16 S
NP(JsI1)=1
111 I=]
J=J
CALL &

RYoRIsSREN]

m
o o~ v

.._'
st
N
H
_‘
—4 0 AN

i

-,

—

[

H
i N
COors (n

ST e bt ()

RN -
—~ T ~
O~
~

e
[
—

—
N

o ‘
Cow e DN

o= ]!

— -

ONTIN
ANG=ANG+DELT]
 IF(MDIZG) 11912911
11 PRINT 1053TZeT4sT5sT6sT7oT8
12 CONTINUE
KLUE=C
13 IF(MDIAG) 3125313,
312 DO 214 J=1sN
314 PRINT 1C1s(NP(JsI)sl=1,i)
DC 315 J=1sN
315 PRINT 1C5s(Q(JslYysl=19)
213 CALL RINCL(AF 1 9AF2sAF 3 gAT 4o AFS sAF A st LTI s 0L T sWe taNaNDPy KL IUT)
IF(MDIAG) 145116514
14 DO 15 J=1sN
15 PRINT 1054(Q(Jsl)el=1s)
116 GO TO (16931+45) 9NBRC
C SPHERICAL RBEARING FORCE COMPUTATION
16 Ta= SIP2(1)=-S1IP2(M) o
CALL TOTAL(SUMLs FZ)
CALL TOTAL (SUi2s FR)
FZ=2e4U%F2/3414159274T4
FR= —24C%FR/341415927
PRINT 106
PRINT B5CCsFZsFR
GO TO 99
C END OF SPHERICAL BRG COMPUTATION
C BEGIN CYLINDRICAL BEARING
17 READ 102+sETARSETADSELD s THET SASEPSD
PRINT 107
PRINT 102+ETARSETADSELDsTHET9ASEPSO
DELTI=6.283185/T1
DELTJ=2.0/T2
18 ELD2=ELD*ELD
ELD2=140/ELD?2
ELET=—ELD2*ETAD%*045
EPS2= A+1.0
FPS2=EPS2%EPS2%EPSO*¥EPSO*145
512P=—l.0
THETR=THET*0401745329
19 DO 21 J=1,N
CSJ(J)=S12P
T3=(SI2P*SI2P¥A+1.0)*¥EPSO
SIP2(J)=T3%T3

DN IN
~

b
)

LY

12

P




SIJd(J1=13 3
S512P=5S12P+DELTY
IF(MDIAG) 204214520

- T 2C
21
- 22

PRINT 1254SI2P»T3
CONTINUE

ANG=0WD

DO 3. I=1sM
C5=C05 (ANG)
SI=SIN (ANG)

TUYI SANGETAETR

[hSh
(W)

e e I I Iy
b b ped e pedt et fd

L TASCOs (T3)
T5=SIN (T3)
T6= ETAR®CS+140

C TT=ETAD* T4

T8= ETAR%*SI
TS= ETAT*TS

J(J)

¢

~
S
S O -

[SANR 1 IV SN O¥]
1

G) 253426425

CALL STORE

270

IF(J=1Y 27+27s270
IF(U=-N) 28427528

27 G U IV=T16+EPS2

NP(JsI)=1

28

T11==SIP2(J)Y+T16
T11=SGRT (T11)

T11=10/711
SUMI(Js])=-CS*T11

ST*T11
T11=SI2P*T11

SUNM2(Js1)=5,

SUMB(JsI)==-T4%T711
SUM4(JsT)=T5%T11

29

CONTINUE
ANG=ANG+DELTI

30

CONTINUE
KLUE= 1

M=M=1
GO TO 13

31

M=M+1
DO 32 J=1,sN

32

QEJIsMI=Q(Js1)
IF(MDIAG) 31653175316

316
318

DO 318 J=1sN
PRINT 105+(Q(JsI)sl=1sM)

) 317

CALL TOTAL(SUM1»sFR)
FR=0e25%FR

CALL TOTAL{SUMZ2,FT)
FT=0e25% FT

CALL TOTAL (SUM3,EMDR)
EMDR=0¢125%EMDR
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CALL TOTAL (SUM&4EMDT)
EMDT=04125%EMDT
__PRINT 108
) PRINT 500sFRsFTsEMDRsEMDT
GO TO 99

C BEGIN CONICAL COMPUTATION
- 33 READ 102sETAZSETARSETATSRR,TAUSEPS19A HTHET
PRINT 109
PRINT 102sETAZSETARSETATSRRsTAUSEPS1sA H»THET

TAUR=TAU%0.01745329
THETR=THET*0.01745329

CC=COS (TAUR)
SC=SIN (TAUR)

© 722=1.0/5C
ALOR={1e0-RR)/5C*CC
" Z1=27-ALOR/CC
DELTI=6e283185/T1
DELTJU=(Z22-21)/T2
§C2=5C*5C
FAC= 5C2/CC/{1e0-RR%¥RR)
\ FACT=Ce5%CC/S0% (16 04RR)
| 2=21-D7LTJ
‘ DO 341 J=1lsM
2=DELTJ+2Z
X=2-21

IF{X) 351+435C4350

\
[SS BRWV]
[USERY 2 IN ]

U D e

26+437)151G
{1e2+A®SGRT (X))

ZEPSI¥( 1eU+A®X)

O TC 34

SEPSIH (1 el+A%XHEX)

4 TZ2(Jy=C *E

C IF(MDIAG) 3475341,34"
340 PRINT 125sXeESEZ(J)

| 341 CONTINUE

| ANG=3e0

| T3=1e0+ETAZ*SC

3
3

T6C=ETAR*CC
DO 38 I=1,M
C5=C0S (ANG)
SI=SIN (ANG)
S3=ANG+THETR
T4=C0S (53)
| T5=SIN (S3)
T7=T60%CS
T6=T60%S1
2=21-DELTJ
DO 39 J=1sN
EP2 =EZ2(J)
Z=7+DELTJ
202=2/Z2%ETAT
T16=T3+T7+202%T4
T11=0e5%T16
. T12=2%7%SC2*%T11
T13=0e5%(T6+202%T5)
| T14=2%SC2%(T11-05%Z02%T4)
| T152240%T11-T3-202%5C2*T4
* T16=T16%T16
IF(MDIAG) 40941540




2? J;.RIINI 105sT119T125T139T149T155T16 =30=-

J=J
CALL STCRE
o IF(J-1) 42942543
43 IF(J=N) 44342544
42 Q(Jsl)=T16+1e5%SC2*EP2
NP(JsI)=1
44 T11=T16-EP2%3C2
T11=8GRT (T11)
T11=1e0/T11%2
SUWI(J;I)=—C5*T11
3UW (Jsl)= TL1
I?(J,I)=—T4KT
id”a(J.xy- T:’Tll
Til= T11%Z
SUMB(Jsl)==C5%T11
SUNMB(JeI)=51%T11
SUMT(Js 1) ==Ta%T11
SUMBIJeI)=T5%T11
39 CONTINUE
TOANG=ANGHOELTI
38 CONTINUE
CKLUE=1
" n—;\e—],
GO 7O 13
45 nM=NM+1
DO 46 J=1sN
46 G(JaMI=G(Js1)
IF(MDTAGY 319,323,319
315 DG 321 J=1»
321 PRINT 1C5» (ﬁ(J,1>,I—1,
320 CALL TOTAL(SUM1sFR)
FR=EFR¥FAC
CALL TOTAL(SUNM2sFT)
FT=FT*FAC I
CALL TOTAL(SUM34EMDR)
EVDR—rMDR*FAt¥ct .
_CALL TOTAL(SUM4SsEMDT)
TEVMDT=EMDTRFAC®CC
PRINT 208
~ PRINT 50CsFRSFTSEMDRSENDT —
CALL TOTAL(SUM5sCPR)
T CPR=CPR*FAC/FR 7T
CPR=(CPR*CC~-FACT)/ALCR
CALL TOTAL(SUM6EsCPT)Y ~ 77
_ CPT=(CPT*FAC/FT
 CPT=(CPT*CC-FACT)/ALOR
CALL TOTALI(SUMT7sCPRM)
CPRM=CPRY¥*FAC/EMDR¥CC 7
CPRM= (CPRM*CC-FACT) /ALCR
CALL TOTAL(SUNBsCPTM) T
CPTM=CPTM*FAC/EMDT*CC
CPTM=(CPTM*CC-FACT) /ALOR™
PRINT 211 N
PRINT 102+sCPRsCPTsCPRMsCPTH
99 IF(LC) 1919999
‘999 STOP 1
100 FORMAT(72H1 |

1
391 FORMAT(1615)




102 FORMAT(8E10e3)

-31-

103 FORMAT(32HONBRG MDI M N LC 1SIG)
104 FORMAT (46HO  ETA-Z  ETA-R PHI-1 PHI-2 EPS)
1C5 FORMAT(6(1X1PElle4))
166 FORMAT(27HO FORCE=-2 ~ FORCE-R)
107 FORMAT(58H0 ETA~R ETA-M L/D PHASE-M A EPS
1-0) ] o
108 FORMAT (57HO FORCE~R FORCE-T TORQUE=-R TORGQUE~
1T)
208 FORMAT(57HD FORCE~RR FCRCE-TR FORCE-RA ~ FORCE-T
1A)
109 FORMAT(79HC ETA-Z ETA-R ETA-4  RRAT GAMMA EPS-
11 A PHASE =) S
211 FGRMAT (40HO CPR CPT CPRM CPT4) T
500 FORMAT(4(1PE1546)) ] o o
END



SUBROUTINE RINCY

o : &
(AF1sAF2,AF3 3AF4sAF55AF6sDELX sDELY sPHI yMsNsNP KL 32

1UE)

. NCTATION AND NOTES
C A= A TRI DIAGONAL MATRIX
C B= A DIAGONAL MATRIX
C C= A DIAGONAL MATRIX -
C I=VARIABLE IN THE X DIRECTIONS THE NUMBER OF I POINTS = M
C 'J=VARIABLE IN THE Y DIRECTIONs THE NUMBER OF J POINTS = N
C [=THE SHORTEST VARIABLE SINCE THIS IS THE INVERTED VARIABLE
C  J=THE DUTER LCOP VARIABLE T
C KLUE=Cs NORMAL LINE OF SYMMETRY
C KLUE=1s BUTT JCINT (AS IN A JOURNAL BEARING) T
COMMON DUML1(503) sNDUM2(2) sDUM4(2) sNDUM5S(2) sDUME(2505) s NDUMT (500 »
1DUMBI(3600) o T
DIMENSION AF11(20925)sAF2(20 0225) sAF3(20525) 9AF4(20525)5AF5(20525)»A
IF6(20925) sPHI(20+25)sNP (20,257
CCMMON C(25)5D(20925525) 95E(20525) 5AK K(25925)5G(25)sAFJI(25)5A125+25
1)95(25)
DELX2=0e5/DFLX
DELY2=5e5/DELY
CDELX2=(1eQ/DELX) %%2
DELY3=(1el/DELY ) %%
D0 10 I=1sM
C ZERQC E(1sI) ARRAY
E(lgI =c
C ERO PHI(N+1s1) ARRAY
PHI(N+ s1)=0
T DO 1 11=1 M
C ZERO 3(1,1,1) ARRAY
1T D1 Is110=0 ‘
C THE EXTERNAL LOOP 1IN J
o DO 440 JE1 N
C ZERC THE As Bs AND C ARRAYS
- DO 10T 11,
. Btny=¢
cery=sc
 DC 190 11=1sM
1C0 A(TILI111=0 '
C THE INTERNAL LCOP IN I
SO 400 T=1.M
IF(NP(JsI)) 19592105190
C IsJ IS A POINT WHERE PHI(1,J) [§ EPLCIFIED
19C A(Isl)=1
AFJI(I)=PHI(Js1)
GO TO 400
210 AT oI ==2e0% (AF1(Js )V *¥DELX3+AF2(Js 1) XDELY2IFAFE(J> 1)
AFJI(I)Y=AF6(Js])
IF(J-1) 350,5235C+230
230 IF{J=-N) 24053305330
240 B(I)=AF2(Js I ) *DELY3=AF4(Js1)%DELY?D
CUIN=AF2(Js 1) *¥DELYZ+AF4(Js 1) *¥DELY2
255 IF(I-1) 310431042690
260 IF(I-M) 27052905290
C IsJ= A REGULAR FIELD POINT T
270 A(IsI~1)1=AF1(Js])*DELX3~-AF3(Js ] )%¥DELX2
A(IsI+1)=AF1(Js ) *¥DELX3+AF3(Js 1) ¥DELX?
GO TO 400
C IsJ IS A POINT ON A LINE-OF SYMMETRY
290 IF(KLUE) 29152915292
Be) BOTTOM LINE OF SYMMETRY I=M

&

291

A(MyM~-11=2s0%AF1(JsM)*DELX3



GO _TO 400

Ty

292

BOTTOM JOINT
A(MsM=1)1=AF1(Js 1) *DELX3-AF3(J, 11 ¥DELX2

A(Ms1)=AF1(Js 1) *DELX3+AFS(Js1)*DELX2
GO 710 4CO

C

__ 310

C

[}

[ NE] i)

[ANANA!

fa¥al

T+J IS A POINT ON A LINE OF SYMMETRY
IF(KLUE) 311,311,312

S 311 &

330

(V%)
ut
()

RS
[CSERSY]
U

DUJ+1s1s1) 15 NOW DEFINED AS IN EQUATION 5

440

GO TO 4C9D

DO 443 I=1sM

DO 440 II=1.M
E(J+1s1)=E(J+1s1)+AK(I,11)%#G(I])

Ae) TOP LINE OF SYMMETRY, I=1
Al(l92)=20%AF1(Js1 )1 *¥DELX3

TGO 1O 4oL
TOP JOINT

A1 92)=AF LI IV ¥DELX3+AF3(J IV *¥DELX2

ALlaM)=AF1(Js 1) *¥DELXZ-AF3(J,1)*DELX2

IsJ IS A POINT ON A LINE OF SYMMETRY

Ne) RIGHT LINF OF SYMMETRY, J=N

BlI)=2.0%AF2{NsI1)*DELY3

GO TO 255
I+J IS A PJINT ON A LIKE OF SYMMETRY

Ce) LEFT LINE OF SYNMZ TPY9 J=1
Cll)=2e%AF2 (11 )%*DEL

G0 TG 255

CONT INUE

CND GF THiE INTODRNAL LOOP IMN T

CC 410 I=1e¥

DU 41¢ II=1eN

ARCIsIT)I=A(TI oI I )+ (1) % (JsIall) A

CONTINUE

CALL MATINVIAKs*sGsTsDETERM)

K(J;I;I) 15 NCw DOFINTD A5 IN FQUATICN

CC 435 T=1sM

THE ,”TkIX G(I) 15 A DUMMY MATRIX FCR
GULy=AFJILI)=BLIV%F(Js])

ECI+1,1)

DC 430 II=1sx

FSUATICNG 59 THE FORMATICN OF DU(J+1s1s1)

POSTHMULTIPLICATION OF A SQUARE NMATRIX K BY THE DIAGONAL MATRIX C

D(J+1sT1s1)==AK(IIs1)%C(])

CONTINUE

THE MATRIX MULTIPLICATICN OF THE MATRICES K AND F-B¥E TO FORM THE

RIGHT HAND SIDE OF EQUATION 551eEasE(J+1,1)

E(J+1s11=0

END OF THE EXTERNAL LOCP IN J
THE RECURSION FORMULA 3

DO 460 J=1sN
N1=N-J+1

N2=N=-J+2

THE MATRIX MULTIPLICATION OF THE MATRICES D(JsI»I)

AND PHI{J)

DO 460 I=1sM
IF(NP(N1s1)) 46054455460

445

PHI(N1sI1)=0
DO 450 11=1,M

450

PHI(NLsI)=PHI(N1sI1)+D{N2sI1sI1T)*PHI(N2s11)

PHI(NLsI)=PHI(N1sI)+E(N2,sI)

460

CONTINUE
RETURN

END




SUBROUTINE MATINV(AsNsBsMsDETERM) =34

CHMATINV
C MATRIX. INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
C ANF 402
C MATINV  COMMENTS
C MAXIMUM DIMENSION ON IPIVOT = N
C MAXINUM DIMENSION ON A = N%N
C MAXIMUM DIMENSION ON B = N¥M
C MAXIMUNM DIMENSION ON INDEX = N#*2
C MAXIMUM DIMENSION ON PIVCT = N
DIMENSION IPIVOTI(25 )sA(25+25)9B(2551)sINDEX(2592)sPIVOT(25)
EGUIVALENCE(IROWsJROW) s (ICOLUM,JCOLUMY s (AMAX s T s SWAP)
C INITIALIZATION
DETERM =1e0
DO 2C J=1sN =
20 IPIVCT(J)=0
| DO 550 I=1sN
C SEARCH FOR PIVOT ELEMENT
AMAX=Ue 0
DO 105 J=1sN
IF(IPIVOT(J) -1) 605105560
60 DO 1C0O K =1sN
IF(IPIVOT(K)=1) B0,100,74D
8C IF(ABS (AMAX)—=ABS (A{JsK})) 854100+1C0
85 1RQu=J B B
ICOLUM=K
AMAX=A(J9K) o
1CC CONTINUE T i
105 CONTINUE
IPIVOT(ICOLUM)=1IPIVOT(ICOLUM)+1
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
IF{IROW-ICOLUM) 14042605140
140 DETERM=-DETERM
DO 20U L=1sN
SWAP=A(IROwWsL)
A(IROWsSL)=A(ICOLUMsL)
200 A(ICOLUMSL)=SYAP
IF(M) 260+26C9210
21C DO 250 L=1sM L
WAP=B( IROWsL)
B{IROWsL)=B{ICOLUMSL)
250 B(ICOLUMsL)=SWAP
260 INDEX(Is1)=IROW
INDEX(1,2)=1COLUM
PIVOT(IV1=A(ICOLUMs ICOLUM)
DETERM=DETERM*PIVOTI(1)
C DIVIDE PIVOT ‘ROW BY PIVOT ELEMENT
A(ICOLUMsICOLUM)=1.0
DO. 350 L=1sN
350 A(ICOLUMsL)=A(ICOLUMsL)/PIVOT(I)
IF(M) 3805380360
360 DO 370 L=1sM
370 B(ICOLUMSL)=B(ICOLUMsL)}/PIVOT(I])
d REDUCE NON-PIVOT ROWS
380 DO 550 L1=1sN
= IF(LI-ICOLUM) 40055509400
400 T=A(L1lsICOLUM)

A(L1s1COLUMI=040

DO ,45_0',L.?11 9N‘ .

L1al)=ATU1 yL)=ALICOLUMSLI *T




L IFAIMY 5504550 0460
465 DO 500 L=1sM
CC B(L15L)=8B(L1,L)-BIICOLUMSL)*T
550 CONTINUE
INTERCHANGE COLUMNS

DO 710 I1=1»sN
L=N+1-1

IFUINDEX(Ls1)-INDEX(L92)) 630s710+630
630 JROW=INDEX(Ls1)

JCOLUM=INDEX(L»s2)
DO 705 K=1,N

SWAP=A(K»JROW)
A(K s JROW)=A (K »JCOLUM)

A(KsJCOLUM) =SWAP
__7C5 CONTINUE

710 COMTINUE
740 RETURN
END




SUBROUTINE STORE

DIMENSION Q (20,25)
C OMMON QsNsMsDELTISDELTY

DIMENSION AF1(20925)sAF2(20925) sAF (27 925) sAF4 (2N 325) 3AF5(20s25)
COMMON T9JsT119T125sT139T14sT15sAF19AF2sAF2,AF4,AF5

AFL(Js1)=T11
AF2(J»1)=T12

AF3(Js1)=T13
AF4(Js11=T14

AF5(Js1)=T15
RETURN

END
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SUBROUTINE TOTAL (SUM1sANS)

DIMENSION Q (20+25)sSUM1(20+25)sFZ1(25),F22(25 )
COMMON  QsNsMsDELTISDFLTY

NM=N-1
MM=M~1

DO 18 I=1sM
DO 17 J=1sN

T5= SQRT (Q(J>1y) 7

CALL SUM(FZI1.FZsNsNi) 77
FZ2(1)=FZ2*DELTJ

CONTINUE
CALL SUM(FZ25FZsMsMM)

ANS= FZ#%DELTI i
RETURN

END
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SUBROUTINE SUM(XsYsNPyNPM)

DIMENSION X(201)

L YEbee .
Ni=1 )
___N2=NP
N3=NPH
M=1 o
CON =1.¢
2 DO 3I=N1sN2sN3

Y= X(I)*CON+Y

3 CONTINUE

_h M=2

GO TO (4+536) oM
N1=2 B
N2=NPM

N3=2

CO}N =4 C

2. M=

GO TO 2

Y=Y%{e3333333

RETURN
END




SPHERICAL BEARING LARGE ETA-R 11JANG6S6
NBRG MBI M N LE ISIG
1 0 9 19 0 1
ETA-Z ETA-R PHI-4 PH1-2
0, 0.400FE~01 0.4156 02 0.680F 02
FORCE-Z FORCE-R
4.810299E-02 2.0190756-03
NBRG MBI M N LC IS1G
1 0 9 19 0 1
ETA-2 ETA-R PH1=~1 PH1-2
0. 0.500E~01 0.445F 02 0.680F 02
FOREE-Z FORCE-R
4,814445E-02 2.526229¢-03
NBRG MDI M N LE ISIG
1 0 9 19 0 1
ETA~Z ETA-R PHI-4 PHI-?
0. 0.600E-01 0,415E 02 0.680E 02
FORCE-2Z FORCE-R
4,819821E-02 3,034982r-03
NBRG MBIl M N LE 1S1G
1 0 9 19 0 1
ETA-Z ETA-R PHY=-¢ PH1-2
0. 0.900E~01 0.415p 02 0.680F 02
FORGE-~-Z FORCE=-R
4,840392E-02 4,574101¢-03
NBRG MDI M N LC ISIG
1 0 9 19 a 1
ETA~Z ETA-R PHI~¢ PHI-?
FORGE-Z FORCE=R
4,849255E-02 5.,092549€E~03
NBRG MBI M N LC ISIG
1 0 9 19 0 1
ETA=Z ETA-R PHY=q PHI-?
0. 0.110€ 00 0.415F 02 0.68B0F 02

EPS
0.500E

EPS
0.500E

EPS
0.500E

EPS
0.500E

EPS
0.500E

EPS
0.500E

00

00

00

00

00

00
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CYLINDRICAL BEARING TEST 11JUAN66

NBRG MBI M N LC 1S1G
2 0 258 19 0 1

ETA-R ETA-M L/D PHASE~-M A EPS-0
0.500E-01 0. 0.2008 01 0. -0.400F 00 0.400F 00
FORGE-R FORCE=-Y TORQUE-R TORQUE~T

1.553028E-02 <=3,0948848-07 -4,364673E~-08 -2,829538E-10

NBRG MBI M N LC ISIG

2 0 25 19 0 1

ETA-R ETA-M L/D PHASE-M A EPS-0
0,100E 060 O. 0.2008 01 0. -0.400E 00 0.400€ 00
FORGE-R FORCE-Y TORQUE=-R TORQUE-T

3.150829E~02 <=2.7957998-07 -3.110657E-08 <~2.414118F=09

NBRG MDI M N Le ISIG
2 0 25 19 0 1

ETA~R ETA-M L/D PHASE-M A EPS-0
0.150E 00 0. 0.2008 01 O. ~0.400E 00 0.400€ 00
FORCE-R FORCE-T TORQUE-R TORQUE-T

4,836489E-02 ~3,645033E-07 ~3.497759E-08 ~1.252213F~09

—-40-
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A PHASE

- CONICAL BEARING 19JAN66 DWG NO, SK-C-2112
NBRG MDI v N LC ISIG
3 0 25 9 3 3
ETA-Z ETA-R ETA-M RRAT GAMMA EPS-1
l 0, 0.55¢E 00 0. 0.429E 00 n.450E 02 0.707F 00-0.900F 00 0.
% FORCE=RR FORCE=-TR FORCE-RA FORCE=-TA
5.067533E=-01 <-4.,310378F-07 3.583287E-01 -3.047898Fs07

CPR CPT CPRM CPTM
-0,102E 00 0.324E-01-0,192E 00 0.324F=01

NBRG MDI v N LC 1S1G
3 0 25 9 0 3
ETA-7 ETA-R ETA-M RRAT GAMMA EPS=-1
0, 0.520E-01 0, 0.,429F 00 0.450F 02 0.70n7E 00
- FORCE=RR FORCE~TR FORCE=RA FORCE-TA
6.171215E=-02 <~5.,758440F-07 4,363709E-02 -~4,071832F=07
; CPR CPT CPRM CPTM
I 04697E~81 -0, 624L-01 0,.A97F=-01 0.694F=01
NBRG MBI v N LC ISIG
3 0 25 9 N 3
ETA=Z ETA-R ETA-M RRAT GAMMA EPS-1
0. 0.130E 09 J. $.429FE 00 n.450F 02 0.707€ 00
FORECE«RR FORCE=-TR FORCE=RA FORCE-TA
1.245513E-0¢ -5,510523F~07 8.80710RE~0?2 -3.896578Fu(7
CPR CPT CPRM CPTM

0.,698E-01 0.984E-02 0.698F«01 0,984F<02

NBRG MDI v N L€ ISI1G
i 3 0 25 9 9 3
ETA=7Z ETA-R ETA-M RRAT GAMMA EPS~1
0, 0.150E 00 O, 0.429F 00 N.450E 02 0.707F 00
FORCE=RR FORCE~TR FORCE-RA FORCE-TA
1.897236E-01 ~5.544330F-07 1.34154BE-09 =-3.920433F=07

CPR CPT CPRM CPTH
0,698E~-01 0,575E~-01 0.698E~01 0.575F=01

NBRG MBI
3 0

| N Le ISIG
25 9 0 3

p—

A PHASE
0.

A PHASE
0.

A PHASE
0 . -



| TABLE I
‘ RESULTS

SPHERICAL BEARING

= 41.5° = 68.0° & = 0.5 = 0.0
1 nR Fz FR KR

.04 .048103 .0020191
.05 .048144% .0025262 .050795%
.06 .048195 .0030350
.09 .048404 .0045741
.10 .048492 .0050925 .05201
.11 .048591 .0056143

- .19 .049742 .0099499
.20 .049933 .010518 .05716

. .21 .050137 .011093
.29 os2204 .016017
.30 .052523 .016681 .06705
.31 .052857 .017358
.39 .056119 .023333
.40 .056611 024164 .08925
41 .057124 .025018
.49 .062117 .032825
.50 .062871 .033951 .1146
.51 .063660 .035117
.59 .071490 .046293
.60 .072703 .047983 .1732
.61 .073982 .049757

 —

*
Small ng Analysis __
KR = .05047 fz = ,04803



TABLE II

RESULTS

CYLINDRICAL BEARING

\

| L _ = = -

| D 2 p 0 a 4

T X *
"R Fr Y
.05 .015539
.10 .031505 .32826
.15 . 048365
*small lysis K. = .31
- Sma Y Analysis KR = .

ot

]
N
=3

]
o
['}]

]

1
g

M *%
n MR

.1 .0048710

%k -
Small np Analysis MR/nF = .049



Small N Analysis

TABLE _ III

RESULTS

CONICAL BEARING

— = 0.5 r = 45° esinT = .5 a=0 n =0

nr=0
FR C.P.
0.126 .0574

FR/nR = 1.26, C.P. = .0575

Small nr Analysis

ng =0
G, C.P.
0.100 0.110

E%/nr = 0.995, C.P. = 0.1085



Fig. 1 Spherical Squeeze-Film Bearing
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Fig. 2  Cylindrical Squeeze-Film Bearing
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Fig. 3 Conical Squeeze-Film Bearing
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